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SUMMARY: As part of a longitudinal study of the respiratory health 
effects of indoor and outdoor air pollutants, pulmonary function', 
respiratory illness history, and symptom history were recorded at 
2 successive annual examinations of 10,106 white children living 
in 6 cities in the United States. Parental education, illness 
history, and smoking habits also were recorded, along with the 
fuel used 1 for cooking in the child's home. Maternal cigarette 
smoking was associated with increases of 20 to 35% in the rates 
of 8 respiratory illnesses and symptoms investigated, and paternal 
smoking was associated with smaller but still substantial increases. 
Illness and symptom rates were linearly related to the number of 
cigarettes smoked by the child's mother. Illness rates were higher 
for children of current smokers than for children of ex-smokers. 
The associations between maternal smoking status and childhood 
respiratory illness and symptoms were reduced but not eliminated 
by adjustment for parental illness history. Levels of forced 
expiratory volume in one second (FEV^) were significantly lower 
for children of current smokers than for children of nonsmokers 
at both examinations and highest for children of ex-smokers. Levels 
of forced vital capacity (FVC) were lower for children of nonsmokers 
than> for children of current smokers at both examinations, but the 
difference was statistically significant only at the first 
examination. Both the increase in mean FVC and the decrease in 
mean FEV^ among children of current smokers were linearly related 
to daily cigarette consumption. None of the respiratory illnesses 
and symptoms studied was significantly associated with exposure to 
gas cooking in the child's home. The largest odds ratio for 
respiratory illness before 2 yr of age was 1.13 (p = 0.07). 
Exposure to gas stoves was associated with reductions of 0.7% in 
mean FEVj and 0.6% in mean FVC at the first examination (p < 0.01) 
and reductions in both measures of 0.3% at the second examinations 
(NS) . The estimated effect of exposure to gas stoves was reduced 
by approximately 30% after adjustment for parental education. These 
results provide strong support for a causal effect of sidestream 
cigarette smoke on increased respiratory illness and reduced FEV^ 
values in preadolescent children. They also suggest that exposure 
to gas stoves may be associated with reduced pulmonary function 
but do not show increases in respiratory illness among children 
exposed to gas stoves. Understanding of the health effects of 
these indoor pollutants will be improved by studies quantifying 
individual exposure to cigarette smoke and gas stove combustion 
products. 
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Introduction 

Acute illness resulting from exposure 
to high concentrations of indoor air 
pollutants is a weiJ-recogni 2 ed clinical 
entity. Tfcagic episodes arising from sui¬ 
cide attempts or accidents with carbon 
monoxide are too common to require 
detailed documentation. Far more dif¬ 
ficult to assess are the health effects of 
indoor exposures to the concentrations 
of gases and particles encountered in 
the usual activities of daily living. 

Because most people spend more 
than 80 of their time indoors (1,2), 
and because efforts to reduce air ex¬ 
changes in homes have increased in the 
last several years, it is important to 
determine whether air contaminants 
from indoor sources affect respiratory 
illness rates and pulmonary function 
levels in children and adults. Respirable 
particulate concentrations are higher in 
homes of smokers than in homes of 
nonsmokers (3, 4), and increased con¬ 
centrations of nitrogen dioxide (N0 3 ) 
are found in homes where gas is used 
for cooking (5-9). However, the respi¬ 
ratory health effects of exposure to 
sidestream cigarette smoke and gas 
combustion products have only recent¬ 
ly been investigated. 

Most studies of children exposed to 
cigarette smoke have found increases in 
respiratory illnesses and symptoms (10- 
15) and reductions in indexes of pulmo¬ 
nary function (11-17), although a few 
studies have failed to find one or both 
of these associations (10, 18, 19). Sever¬ 
al studies have found increased respira¬ 
tory illness and symptom prevalence in 
homes with gas stoves (10, 20-22), but 
the associations have often been weak, 
and other studies have found no signifi¬ 
cant associations (23-25). Most studies 
of gas cooking and pulmonary func¬ 
tion levels have found no association 
(10, 22, 23), although Hasselblad and 
associates (26) reported reduced FEV, 
among older girls living in homes with 
gas stoves. Thus, the literature indicates 
reasonably good agreement about the 
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health significance of passive smoking 
but is inconsistent regarding the effects 
of gas stoves. 

The Six-Cities Study of the Health 
Effects of Respirable Particulates and 
Sulfur Dioxide (27) is a longitudinal 
study of the respiratory health effects 
of air pollutants among children and 
adults living in 6 cities in the United 
States. Although the study is longitudi¬ 
nal, completion of the first 2 annual 
visits by participating children permits 
a cross-sectional analysis of the effects 
of stove type and parental smoking 
habits on pulmonary function, respira¬ 
tory illnesses, and symptoms at enroll¬ 
ment and the first follow-up visit. 
These results update previous reports 
on gas stove exposure and passive 
smoking from this study (28, 29). The 
previous reports presented preliminary 
analyses from data provided by 8,120 


white children from 6 to 10 yr of age 
and indicated increased respiratory ill¬ 
ness before 2 yr of age and decreased 
pulmonary function levels in children 
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exposed to gas stoves. Parental smok¬ 
ing was found to be associated with in¬ 
creased respiratory illness but not with 
pulmonary function levels. This report 
presents a reassessment of those asso¬ 
ciations in the complete study cohort 
of 10,106 white children, using recently 
reported normal values in the pulmon¬ 
ary function analyses (30). We provide 
evidence for an exposure-response rela¬ 
tionship between the amount of mater¬ 
nal cigarette smoking and indexes of 
respiratory health. We also examine the 
importance of parental respiratory ill¬ 
ness and socioeconomic status as pre¬ 
dictors of illness in children. 


Methods 

Study Population 

The six cities were selected to represent a 
range of air quaiiiy based on their historic 
level* of outdoor pollution. Cooperation of 
local school authorities was required, and 
the school districts selected had to be of 
manageable size. The 6 communities in¬ 
cluded Watertown, Massachusetts; King¬ 
ston and Hamrnan; Tennessee; a geographi¬ 
cally defined area in the southeast section 
of St. Louis,‘Missouri; Steubenville and 
Mingo Junction, Ohio; Portage, Wisconsin 
and surrounding towns; and a random 
sample of 509* of the schools in Topeka, 
Kansas. 

In each city, the initial examinations in¬ 
cluded' all first- and second-grade school 
children in both the public and private 
schools within the community. Because 
Portage was considerably smaller than the 
other districts, the initial examination in¬ 
cluded children up to the fifth grade. In 
each i year after the initial examination, the 
same children were seen again and a new 
first grade was added until approximately 
1^00 children were enrolled in each com¬ 
munity. All available children in each com¬ 
munity are reexamined annually. The popu¬ 
lation for this analysis is made up of all 
white children enrolled during the first 3 
visits to each city. Nonwhite children were 
excluded from this analysis because the 
other racial and ethnic groups were rela- 
tively small. 

Health, Exposure, and 
Demofraphic Information 
At each visit, a questionnaire was sent borne 
(with an explanatory letter) to be completed 
by a parent or guardian and returned to the 
»thooL Families reported the number of 
Persons living in the home and their smok¬ 
ing habits, parental occupation and educa¬ 
tional i background, and the fuels used for 
cooking and heating. Information regard¬ 
ing respiratory illnesses and symptoms was 
guested in a format similar to that recom¬ 
mended by the Epidemiology Standardiza¬ 
tion Project (31). Although children in the 


fourth and higher, grades were asked sepa¬ 
rately about their smoking habits, smoking 
was rare in the young children included in 
this analysis, and was not considered as a 
possible risk factor. 

The children were examined at school. 
Their weight and standing height in stock¬ 
ing feet were measured, and they performed 
forced expiratory maneuvers on a recording 
spirometer (Stead-Wells survey spirometer; ‘ 
Warren E. Collins, Braintree, MA) while sit¬ 
ting with free mobility and without a nose- 
dip. Each child performed at least 5 forced 
expirations but not more than 8. Forced 
vital capadty (FVQ and forced expiratory 
volume in one second (FEV,) were meas¬ 
ured from the acceptable blows determined 
by the tester. The mean of the best 3 efforts 
was calculated, corrected to body tempera¬ 
ture and water saturation. Detailed descrip¬ 
tion of measurement procedures is given 
elsewhere (30). 

Of the respiratory illnesses and symptoms 
surveyed at the initial visit, responses con¬ 
cerning history of bronchitis, doctor-diag¬ 
nosed respiratory illness before.2 yr of age, 
and respiratory illness in the previous year 
that kept the child at home 3 days or more 
were analyzed. From the questionnaire 
given at the first follow-up visit J yr later, 
the frequency of respiratory illness in the 
previous year that kept the child at home 3 
days or more, bronchitis in the previous 
year, and the prevalence of persistent cough 
(for 3 months of the year or more) and per¬ 
sistent wheeze (most days or nights or apart 
from colds) were analyzed^ An index of 
lower respiratory illness, indicating the pres¬ 
ence of either bronchitis, respiratory illness, 
or persistent cough during the past year, 
was also computed and analyzed. 

Pulmonary function values were trans¬ 
formed to their logarithms (see Statistical 
Methods) and then expressed as residuals 
(differences) from height, weight, age, and 
sex-specific expected values based on previ¬ 
ously reported prediction equations (30). 
Pulmonary function residuals from the in¬ 
itial and first follow-up visits were investi¬ 
gated for associations with exposure to gas 
stoves and sidestream cigarette smoke. 
Results of these analyses are reported as 
deviations from J009* of the ratio of ob¬ 
served to expected pulmonary function 
level. 

Parental smoking sums was expressed 
both as a three-level variable based on re¬ 
ported smoking history (never smoked, ex- 
smoker, and current smoker) and as an 
ordinal variable, coded as the reported 
number of cigarettes currently smoked per 
day by each parent. To determine a dichoto¬ 
mous variable for cooking fuel, homer 
using any gas for cooking were classified as 
gas homes. A positive history of parental 
respiratory illness was defined as a history 
of bronchitis, emphysema, or asthma for 
either parent. To adjust for the effect of 
socioeconomic factors on respiratory 
health, we defined 3 classes based on the 


mean number of years of schooling of the 
parents (< 9. 9-12, > 12). For children in 
single-parent households, the years of edu¬ 
cation of that parent'were usedi As an alter¬ 
native measure of socioeconomic status, we 
considered an index proposed by Green (32) 
based on education and occupation. 

Statistical Methods 

The illness and symptom outcomes were 
analyzed by multiple logistic regression (33, 
34), using BMDP (35). For each outcome, a 
regression model was constructed, including 
gas cooking and parental smoking variables 
(because of their a priori interest as risk fac¬ 
tors), and other confounding variables as 
identified by prior analyses. Statistical sig¬ 
nificance of regression coefficients was 
determined by the chi-square approxima¬ 
tion for the likelihood ratio statistic inde¬ 
pendent variables considered included ma¬ 
ternal and paternal smoking status, stove 
type, beating fuel, air conditioning, and 
parental education. Because heating fuel 
and air conditioning did not enter signifi¬ 
cantly into any regression model, these vari¬ 
ables are not discussed further. City-cohort, 
an 18-category variable designating the city 
and year of enrollment, was included in 
every model to eliminate possible con¬ 
founding effects caused by city of residence 
and entry cohort Parental respiratory ill¬ 
ness history was then added to the explana¬ 
tory model to assess its importance as an 
intermediate or explanatory variable. The 
logistic regression analysis gave a regression - 
coefficient and standard error for each 
exposure variable. These coefficients were 
reexpressed as point estimates and 959* 
confidence intervals for the relative odds of 
disease for exposed relative to unexposed 
children. The adequacy of these summaries 
was examined by graphic and tabular in¬ 
spection of the illness and symptom rates 
for groups of children defined by values of 
the independent variables. Directly stan¬ 
dardized rates, based on the entire sample 
as the reference population, were used to 
summarize illness and symptom rates in dif¬ 
ferent exposure groups. To avoid empty 
cells, the rates given in table 4 are standard¬ 
ized for dry rather than city-cohort. 

We have previously reported (30) that for 
preadolescent children, FVC and FEV, 
should be expressed on the logarithmic 
scale to quantify variability as a percentage 
of the expected pulmonary function level. 
That report gave expected values for the 
logarithm of FEV„ /h(FEV,), and of 
/n(FVC), based on a linear regression of ob¬ 
served values on sex and the logarithms of 
height, weight, and age For this analysis, 
residuals were defined for each child by the 
difference between the logarithms of the 
observed and expected values of FEV, and 
FVC (or equivalently, the logarithm of the 
ratio of observed to expected). These resi¬ 
duals were investigated further by multiple 
regression analysis. For each visit and each 
pulmonary function outcome, an explana- 
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TABLE 1 


NUMBER OF WHITE CHILDREN SEEN BY CITY AND SCHOOL YEAR AT THE INITIAL 
EXAMINATION, AND TOTAL NUMBER OF WHITE CHILDREN REEXAMINED 
APPROXIMATELY ONE YEAR LATER 


City 

Season 



Ffrst Examination 



Second 

Examination 

(/ore/) 

74-75 

75-70 

76-77 

77-78 

76-79 

Total 

Watertown 

Fall 

ei3 

364 

367 



1,384 

1,197 

Kingston 

Spring 

533 

345 

376 



1,256 

1,030 

SL Louis 

Fail 


1,171 

749 

197 


am 

1,656 

Steubenville 

Spring 


624 

475 

479 


1,778 

1,559 

Portsge 

Fall 



• 701 

656 

320 

1,677 

1,493 

Topeka 

Spring 



1,412 

275 

207 

1,694 

1,449 

Total 







10,106 

6,384 


tory model was constructed by an approach 
parallel to that described previously for 
analysis of respiratory illnesses and symp¬ 
toms. To express the results as percentage 
change; we computed the antilogarithm of 
each regression coefficient, and multiplied 
by 100. Thus, associations between out¬ 
comes and indirect exposure measures are 
expressed as change from 100% in the ratio 
of observed to expected FEVY or FVC asso¬ 
ciated with a change in exposure status, 
along with 95% confidence intervals or 
approximate standard errors derived from 
the analysis on the logarithmic scale. Re¬ 
sults are given from the first 2 annual spiro- 
metric examinations of participating chil¬ 
dren. 


Rfttults 

Semple 

During the first 3 visits to the 6 cities, 
11,048 white children entered the study. 
Analyses for this report were restricted 
to the 10,106 children 6 to 9 yr of age at 
enrollment (table 1). A: the first follow¬ 
up visit, 8,380 (83%) of these children 
were reexamined: Reexamination rates 
varied from a low of 77% in Topeka, 
where follow-up was affected by school 
closings, to a high of 89% in Portage. 
Sample sizes for individual symptom, 
illness, and pulmonary function an¬ 
alyses varied because of missing data. 


particularly for respiratory illness b< 
fore 2 yr of age, which was not include 
in the questionnaire used during th 
first visit to Watertown and Kingston 
Harriman. 

Of the 10,106 children, 1,107 (11.0% 
did not have acceptable spirometri 
data. The frequency of unacceptable 
spirometic tests was strongly related tt 
age of the child. The rate for those 6 yi 
of age was 15.2%; for those 7 yT of agt 
9.6%; for those 8 yr of age, 7.4%;; for 
those 9 yr of age, only 5:6%. At the 
first follow-up visit, the overall' fre¬ 
quency of unacceptable tracings dropped 
to 5.7%. There was no association of 
unacceptable lung function examina¬ 
tions with any reported respiratory ill¬ 
ness or symptom after controlling for 
age and examination. 

Demographic Variables, Family History, 
and Respiratory Health 
Boys had Uniformly higher illness and 
symptom rates than did girls (table 2). 
All respiratory illnesses and symptoms, 
except history of bronchitis, were re¬ 
ported more frequently for younger 
than for older children. The negative 
association between illness before the 
age of 2 and age suggests that parents 


TABLE 2 

FREQUENCY (RATE PER 1,000) OF REPORTED ILLNESSES AND SYMPTOMS, BY SEX, AGE, 
CITY, PARENTAL EDUCATION, AND REPORTED PARENTAL RESPIRATORY ILLNESS HISTORY. 
DIRECTLY STANDARDIZED FOR SEX, AGE. AND CITY 


1*1 Examination 2nd Examination 


Doctor- Lowec 



Diagnosed 
Illness 
before sq» 2 

History of 
Bronchitis 

Respiratory 

Illness 

Last Year 

Respiratory 

Illness 

Ust Year 

Bronchitis 

Cough 

Whaaze 

Respi¬ 

ratory 

Indsx 

Number 

9,004 

10,006 

9.994 

6^92 

6,289 

6.264 

6.237 

6.240 

Sax 

Boy* 

241 

163 

140 

146 

69 

95 

127 

237 

Girls 

191 

136 

134 

137 

60 

64 

102 

219 

Age* 

0 

227 

155 

144 

— 

— 

— 

— 

— 

7 

212 

146 

140 

146 

92 

99 

121 

239 


222 

151 

124 

144 

78 

66 

113 

228 

9 

163 

153 

106 

129 

01 

87 

120 

213 

10 


— 

— 

121 

77 

67 

92 

194 

City 

Portaga 

223 

141 

86 

87 

45 

71 

111 

147 

Topeka 

206 

134 

125 

155 

62 

74 

115 

224 

Watertown 

129 

113 

139 

156 

56 

62 

89 

216 

Kingston 

341 

195 

181 

216 

128 

105 

148 

313 

St Louis 

196 

127 

126 

94 

60 

106 

111 

204 

Steubenville 

221 

210 

171 

160 

117 

119 

125 

261 

Parent's Education 

<Hlgh school 

265 

145 

152 

133 

67 

115 

146 

236 

Hign school 

220 

150 

137 

141 

62 

90 

118 

225 

>H)gh school 

195 

157 

130 

145 

86 

82 

94 

228 

Parent's Illness 

No 

174 

110 

109 

112 

62 

75 

91 

164 

Yes 

299 

261 

207 

197 

156 

136 

164 

330 


* Excludes forty-towr 7-yr.od and runt 11-yr-otd ebUdran at tha aaeond examination. 
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arc less likely to recall early illnesses as 
the child matures. Rates varied substan¬ 
tially among cities, typically being 
highest in Kingston and Steubenville. 
Rates also varied within city from year 
to year (not shown). Thus, further 
analyses were adjusted for sex, age, and 
city-cohoru Illness before 2 yr of age, 
cough, wheeze, and respiratory illness 
at the initial examination were nega¬ 
tively associated with level of parental 
education (table 2). For the other 4 out¬ 
comes, the association was either ab¬ 
sent or weakly positive. The effect on 
risk factor analyses of controlling for 
education or other measures of socio¬ 
economic status is discussed below. 

The strongest risk factor for respira¬ 
tory illness among these children was a 
history of parental respiratory illness 
(table 2). Children whose parents had a 
positive history had 72 to 155^o higher 
illness and symptom rates than did chil¬ 
dren whose parents had a negative his¬ 
tory. Because parental history could be 
either an intermediate or a confound¬ 
ing variable for the effects of gas cook¬ 
ing and sidestream cigarette smoke, 
analyses of these risk factors are pre¬ 
sented both with and without adjust¬ 
ment for family illness history. 

.. Individual values of In FVC and In 
FEV, were adjusted for sex and age by 
subtracting the sex-, age-, height-, and 


weight-specific predicted values from 
each observation (30). Consequently, 
mean residuals of FVC and FEV, (ex¬ 
pressed in percent) were not significant¬ 
ly associated with either sex or age 
(table 3). Pulmonary function residuals 
were smaller at the first than at the 
second examination for both boys and 
girls. This was due primarily to poor 
performance of the spirometric maneu¬ 
ver at the first examination. Mean resi¬ 
duals differed significantly among the 
cities. The city-specific means are simi¬ 
lar at the 2 examinations for 4 of the 6 
cities. Topeka and St, Louis show signi¬ 
ficant increases between the first and 
second examinations. Thus, further 
analyses of the effects on pulmonary 
function level of exposure to gas cook¬ 
ing and parental smoking were adjusted 
for city-cohort. * 

Although adjusted mean residuals of 
FVC and FEV, increase with level of 
parental education (table 3), neither 
association is significant Parental 
respiratory illness history is not signifi¬ 
cantly associated with either FVC or 
FEV,. 

Parental Smoking 


highest rate, and children of ex 






5). (Ex-smokers were ex 
eluded from this analysis 



imokeh 0ts 



TABLE 3 


MEAN RESIDUAL PULMONARY FUNCTION (%)• AT FIRST (n m 8.994) AND SECOND 
EXAMINATIONS 7.145) BY SEX. AGE, CITY. PARENTAL EDUCATION. AND 


pis year 

«• 0.09). A 
nonlinear component for these rela¬ 
tionships could not be identified for 
any illness or symptom. Linear rela- 


REPORTED PARENTAL ILLNESS HISTORY _ 

1st Examination 2nd Examination 



FVC 

FEV,, 

FVC 

FEV, 

S*x 

Boys 

— 0.35 

-0.18 

♦:1i2l 

♦ 0.80 

Girls 

-0.24 

-0.12 

+ 1.01 

♦ 030 

AQ* 

6 

7 

-0.3a 
-0.47 

♦ 0.03 
— 0-27 

♦ 1.01 

♦ 0.77 


-0.28 

- 0-28 

♦ 1.01 

♦ 0.93 

9 

♦ 0.72 

-0.06 

+ 1.01 

♦ 0.57 

10 



♦ 0.92 

♦ 0 39 

City 

Porugs 

♦ 2.70 

♦ 2.14 

♦ 2.87 

♦ 2.57 

Toe*** 

-Ut 

-1.73 

♦ 230 

♦ 134 

Wattrtown 

-1.94 

-0.95 

-2.00 

-039 

Kingston 

♦ 0.22 

-0.92 

♦ 0.64 

-0.40 

St Louis 

-0.66 

-0.34 

♦ 1.36 

♦ 0.90 

StsubsnviH# 

♦ 0.42 

♦ oai 

♦ 0.66 

♦ 0.23 

Parent's Education 

<High school 

-0.41 

-0.54 

— 0.23 

-0.44 

High school 

-0.13 

-0.14 

-0.13 

-0.17 

>Hlgh school 

♦ 0.38 

♦ 0.45 

♦ 0.39 

♦ 032 

Parent's lllnoss 

NO 

♦ 0.02 

♦ 0.24 

♦ 0-02 

♦ 0.13 

Yss 

♦ 0.23 

— 0.27 

♦ 0.21 

— 0.23 


Ooftnttion a of ibbr+rftionr FVC » forced vital CAOACity; FEV, ■ forc#0 **c*r*lory m on* ••eand. 

* m> cn*n$* from tOCH Ft ratio of oOaarvod to Mpoctrt *aiu«. 


tionships were also found when the 
analysis was restricted to children of 
housewives, and when the combined 
current daily cigarette smoking of the 
father and mother was used to estimate 
level of exposure. However, the com¬ 
parisons with maternal smoking level 
produced the strongest associations. 

A reported parental history of bron¬ 
chitis, emphysema, or asthma was a 
highly significant independent risk 
factor for each of the illnesses and 
symptoms studied (table 6); Odds ra¬ 
tios for the 8 outcomes by parental his¬ 
tory varied from 1.99 to 2.88, Adjust¬ 
ment for parental respiratory illness 
history reduced the estimated effects of 
maternal smoking on respiratory ill; 
nesses and symptoms, but theassocit 

Adjustment for the educational at¬ 
tainment of the parents reduced only 
slightly the estimated effects of mater- 


£ 


Source: https://www.industrydocuments.ucsf.edu/docs/tnyxOOOO 
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TABLE A 

FREQUENCY. (RATE PER 1,000) OF REPORTED ILLNESSES AND 1 SYMPTOMS (AND STANDARD ERRORS) BY PARENTAL SMOKING AND 

STOVE TYPE, DIRECTLY STANDARDIZED FOR AGE. SEX. AND CITY 



lit Examination 



2nd Examination 



Number 
it 1>t 

Examination 

DoctOr- 

Diagnoaad 

Ulnaaa History of 

bsfors IQ« 2 Bronchitis 

Raspiratory 

lllnass 

Last Y«sr 

Raspiratory 

Hints* 

Last Yaar 

Bronchitis Cough 

Whsazs 

Low 

Ast; 

rate 

Inoe 


Smoking Status 










Mothsr 

Nsvaf 

4,044 

183(6) 

137 (5) 

124 (5) 

130(6) 

74 (4) 

78(5) 

99(5) 

205 ( 

Ex 

1,485 

205 (11) 

152 {9) 

131 (9) 

147 (10) 

78(7) 

93(6). 

114(9) 

239 C 

Currant 

Unknown 

Fsthar 

4^208 

372 

242(7) 

159 (8) 

149(5) 

IX (8) 

95(5) 

96 (5) 1 

128 (6) 

243 ( 


1332 

185 (10) 

135 (8) 

129(8) 

127(9) 

79(7) 

76(7) 

104 (8) 

202 (’ 

Ex 

1,784 

204 (10) 

160 (9) 

123 (8) 

138 (8) 

89(7) 

79(7) 

106 (8) 

222 (V 

Currant 

Unknown 

1319 

229(6) 

149(5) 

137 (5) 

143 (5) 

•2(4) 

#7(5) 

119(5) 

231 r 

Currant Parantsi 

Naithar 

2.726 

173 (12)* 

IX (10)* 

123 (6) 

129(7) 

78 (5) 

77(6) 

99 (6) 

206(1 

Fathar Only 

Z193 

203 (81 

141 (7) 

IX (7) 

134 (8) 

73 (6) 

87(6) 

107 (7) 

217 n 

Mothar Only 

817 

209 (17) 

151 (15) 

137 (12) 

144 (13) 

IX (11) 

76 (10); 

117 (12) 

227 (1 

Both 

Unknown 

Stova Typa 

Z792 

1378 

235(7) 

160 (6) 

143(7) 

146 (8) 

90 (6) 

106 (7) 

131 (7) 

240 5 

Gaa 

4,685 

216(8) 

140(7) 

146 (7) 

135 (8) 

88(7) 

88 (6) 

126(9); 

235(i; 

Elactrfc 

Unknown 

5.035 

388 

204(7) 

161 (6) 

IX (6) 

1*4 (6) 

88 (5) 

88 (5) 

116 (6)i 

222(7 


* ftAM on vnojung tottery rttftor men on current tmotung. 


nil smoking on respiratory illness and 
symptoms; however, in all cases, a % 
tisucally^signlGcant positive relation 
«Spiwnamed In particular, for wheeze, 
which had the strongest association 
with parental education (table 2), the 
estimated odds ratio for exposure to 
maternal smoking of 1 pack per day 
relative to no exposure was 1.30 (95% 
confidence interval, 1.15 to 1.47), when 
adjusted for parental education, versus 
1.34 (1.19 to 1.47) without adjustment. 


The x 3 test for linear trend was 17.86 (p 
< 0.0001) after adjustment for parental' 
education. A similar result was ob¬ 
tained using Green's index of socioeco¬ 
nomic status (32). 

The FVC was significantly higher for 
children of mothers who were either 
current or ex-smokers, relative to chil¬ 
dren of nonsmokers, at the first exam¬ 
ination (p < 0.05) (table 7). A nonsigni¬ 
ficant association in the same direction 
was observed at the second examina- 


TABLE 5 


RELATIVE ODDS OF RESPIRATORY ILLNESSES AND SYMPTOMS BY MOTHERS* 
REPORTED DAILY SMOKING, COMPARED WITH CHILDREN WHOSE MOTHERS 
REPORTEO NEVER SMOKING 






Matsmal Smoking 
Currant Daily Smoking 





Numbar 

0 

1-5 

8-15 

18-25 

28-35 

38-45 

48 + 

z* 

P 

Doctor-Oiagnoaad 
rasplratory illnsta 
bafora sgs 2 

7.273 

1.X 

1.04 

IX 

1.42 

1.46 

1.58 

2.69 

4148 

0.00X 

History of bron- 
chttis 

7.944 

1 .x 

u» 

1.19 

1.20 

1.42 

1.26 

Z04 

13.68 

0.0X2 

Raspiratory Hlnass 
last yaar 
(1st axam> 

7307 

1 .x 

1.58 

.97 

1.15 

Z56. 

* 1.01 

1.07 

2.95 

0.066 

Raspiratory illnass 

last yaar 

(2nd axam) 

6,613 

1-00 

1.X 

1.07 

1.15 

1.42 

1.84 

1.26 

13.13 

0.0003 

Bronchitia last yaar 

6,613 

1 .x 

1.74 

1:24 

1.25 

1.X 

1.63 

1.58 

6.34 

0.012 

Cough last yaar 

6.594 

1.X 

1.01 

1.30 

1.11 

1.46 

2.12 

1:24 

14.52 

0.0X1 

Whaaza last yaar 

6.576 * 

1.X 

1:17 

1.11 

1.27 

1.39 

Z31 

145 

24.94 

0.0000 

lowsr rasplratory 
indsx 

6,576 

1.X 

1.15 

1.X 

UO 

1-29 

1:78 

1.87 

23 82 

o.oox 


tion. A similar pattern was observe 
based on the father's smoking. Chi 
dren whose mothers were currer 
smokers had 0.6% lower mean FEV 
than children of nonsmokers at the fin 
examination (p * 0:03) and 0.9% lowc 
mean level at the second examinatio: 
(p < 0.001). Children of ex-smokin 
mothers had the largest FEV! residual 
at both examinations. The difference 
between the ex-smoking and curren 
smoking groups were significant (p < 
0.05), whereas, those between the ex 
smoking and nonsmoking groups wen 
not. Children whose fathers were cur 
rent smokers had a reduction in FEV 
of 0.01% at the first examination (NS 
and 0.7% at the second (p - 0.03). 
relative to children of nonsmokers. 
Among current smokers, maternal 
smoking was more strongly associated 
with reduced FEV, than was paternal 
smoking when the two exposures were 
considered jointly (table 7). 

Current maternal smoking level was 
significantly linearly associated with 
increased FVC (p ■ 0.006) only at the 
first examination. A highly significant 
negative association (p < 0.001) be¬ 
tween maternal smoking level and 
FEV, was found at both examinations 
'(figure 1). If a child's mother smoked 1 
.pack of cigarettes per day, the esti¬ 
mated reduction in the child's FEV, 
was 0.7 ± 02% at the first examina- 

2023382914 


Source: https://www.industrydocuments.ucsf.edu/docs/tnyx0000 
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TABLE 6 


ODDS RATIOS FOR RESPIRATORY ILLNESSES AND SYMPTOMS BY REPORTED PRESENCE OF RESPIRATORY ILLNESS IN PARENTS AND 
MOTHERS' SMOKING 1 PACK/DAY., WITH AND WITHOUT ADJUSTMENT FOR PARENTAL RESPIRATORY ILLNESS HISTORY. ALL ANALYSES 

ARE CONTROLLED FOR AGE, SEX, AND CITY-COHORT 



NumOar 

Parents’ 

lllrress Only 

Mothaff' 
Smoking Only 

Mothars’ Smoking 
Control red for 

Pa/ant t mnass 

Doctor-dreg nos ad respiratory llinas* 
batore aga 2 

6.676 

205* 

135* 

136* 

History of bronchitis 

6375 

2.77* 

1.16* 

1.07 

Raspiretory ilinaas last yaar, 

(1st axam) 

6,679 

2.16* 

135> 

1.18* 

Raspiretory ilinaas Iasi yaar 
(2nd axam) 

6.414 

1.99* 

1.15t 

1.09 

Bronchitis 

5,416 

238* 

l.lBt 

136 

Cough 

5,401 

211* 

134* 

136* 

Whaaza 

5JK 

230* 

131* 

133* 

Lowar respiratory oax 

5390 

232* 

133* 

1.16* 


•p < OOOl 
< Ol 06 . 
*P<031. 


tion and 0.8 ± at the second 

examination. Adjustment for parental 
education did 

FVC or FEV,. 

Because of the positive association 
between passive smoke exposure and 
respiratory illnesses and symptoms in 
these children, the regression analyses 
of FVC and FB V» were repeated, con^ 
trolling for each of the illnesses and 
symptoms. There was no significant 
association between FVC or FEV, and 
any of the respiratory illnesses or symp¬ 
toms in the previous year. The FEV, 
was significantly reduced for children 
with a reported history of bronchitis or 
respiratory illness before 2 yr of age, 
-1.5% at the first examination (p < 
0.001) and -1 at the second exami¬ 


nation (p < 0.001). The FVC was also 
reduced by -0.5 and -CL2^«, but the 
differences were not significant. Con* 
trolling for su^ a,h^oj^gi(|po^^ 
stantia£l}j^ 

of mStOTSrsmoioiS. For example, the 
estimated reduction in FEV, associated 
with maternal smoking of 1 pack per 
day, controlling for history of respira¬ 
tory illness, was 0.7 ± 0.2 at both 
examinations (table 7). 

To investigate the possibility of dif¬ 
ferential effects of parental smoking on 
boys and girls, the analysis of each pul¬ 
monary function and respiratory illness 
outcome was repeated separately for 
boys and girls, using maternal smoking 
level as the risk factor. For the ^respi¬ 
ratory illness and symptod^utcomes, 
the estimated effect of maternal smok¬ 


ing was larger in boys in 5,instances andp 
larger in girls in 3 instances (results nfrt 
shown). The difference in the odds ra¬ 
tios was not statistically significant for 
any of the 8 outcomes. Similarly, the 
estimated reduction in FEV, associated 
with maternal cigarette smoking did 
not differ significantly for boys and 
girls. 

Gas Cooking 

Directly standardized rates of reported 
illnesses and symptoms (table 4) failed 
to show a consistent pattern of in¬ 
creased risk for children from homes 
with gas stoves compared with children 
from homes with electric stoves. Logis¬ 
tic analyses (not shown) controlling for 
age, sex, city-cohort^ and maternal 
smoking level gave estimated odds ra¬ 
tios for the effect of gas stoves ranging 
between 0.93 and 1.07 for bronchitis, 
cough, wheeze, lower respiratory index, 
and illness for the last year reported at 
either examination. None of these odds 



L- I- 

I It « H • M M M 

NOTHCft’S 0A1 it etc MOTHf**) daily C1C 

Fig. 1. Maan In pulmonary function residuals 1 
$D) by mothars ’ report ad daily cigaratia smoking, 
compared with chi id ran whoa* mothars hava 
rta*af smokad. Square* repress nt tht first ax a m^ 
mat ion <n *7,112) and triangias reprasant tht 
aacond axamination (n* 6,2781 


TABLE 7 

MEAN RESIDUAL PULMONARY FUNCTION LEVEL* (AND STANDARD ERROR) BY SMOKING 
_ STATUS AND TYPE OF COOKING STOVE, ADJUSTED FOR CITY-COHORT _ 

1st Examination 2nd Examination 



FVC 

REV, 

FVC 

FEV„ 

Smoking Status 

% 

% 


% 

Mothar 


-0.40 (031) 

♦0-17 (0.19) 

-0.14 (031) 

♦ 037(0.19) 

Ex 

♦ 035 (033) 

♦ 0.64 (031) 

♦ 036 (033) 

♦ 0.42 (031) 

Currant 

♦ 0.14(0.19) 

-0.46 (0.18) 

♦ 032(031) 

— 033(030) 

Fat»>ar 

Navar 

-0.45 (030) 

-0.05 (039) 

♦ 034 (030) 

♦ 037(039) 

Ex 

♦ 0.41 (030) 

♦ 0.66 (038) 

♦ 0.03 (038) 

♦ 0.41 (037) 

Current 

♦ 0.07 (0.18) 

-036(0.17) 

-0.01 (0.19) 

-0.13 (0.18) 

Current parental 

Naithar 

-0.75 (037) 

-0.17(036) 

♦ 033 (038) 

♦ 033 (035) 

Fathar only 

♦ 0.11 (037) 

♦ 0.61 (036) 

-0.13(038) 

♦ 0j16 (036) 

Mothar only 

♦ 0.36 (0.45) 

-0.09 (0.43) 

-0.40 (0.43) 

-0.72 (0.44) 

Both 

+ 0.01 (035) 

-035(034) 

♦ 0.06 (Q36) 

-0.41 (035) 

Stova typa 

Eiactnc 

♦ 033 (0.18) 

♦ 036 (0.17) 

♦ 0.16 (Q.1B) 

♦ 0.14 (0.17) 

Oat 

-032 (0.19) 

-033 (0.18) 

-0.16(0.19) 

-0.14 (0.19) 


For oaf mil ion* of aPOramaliona, *•* tap* X 

*Expres*ad as changt from 100% m ratio of oasanred to axpoctad rare*. 


Source: https://www.industrydocuments.ucsf.edu/docs/tnyx0000 
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ratios was significantly different from 
I.: Only-the odds ratios (OR) for history 
of bronchitis (OR ■ 0.86; 95% confi¬ 
dence interval, 0.74 to 1.00) and respi* 
ratory illness before the age of 2 (OR « 
1.13; 95% confidence interval, 0.99 to 
128) approached statistical signifi¬ 
cance. 

Use of gas stoves was strongly associ¬ 
ated with parental educational attain¬ 
ment. The percentage of homes using 
gas stoves was 65% for families in the 
group with lowest education* 46% in 
the middle group, and 33% in the 
highest. When the logistic analysis was 
repeated with adjustment for parental 
education* the estimated odds ratio for 
illness before 2 yr of age was 1.11, with 
a 95% confidence interval of 0.97 to 
107 (p - 0.14). 

Children from homes with gas stoves 
had lower pulmonary function levels 
than did children not exposed to gas 
stoves at both examinations. The defi¬ 
cits at the first examination were 0.6% 
(p - 0.01) for FVC and 0.7% (p - 
0.03) for FEV,. At the second examina¬ 
tion, the mean reduction was 0.3% 
(p - 6.17) for FVC and 0.3% (p « 
0.26) for FEV,. All comparisons were 
controlled for city-cohort and maternal 
smoking level. After, a djustment for 
‘ ‘ ; left- 

MtgSfSCtKtiB 

'‘ie 

anger significant 

Discussion 




dunntfchildhood. Of the children in 
this sample, 43% had mothers who 
were current smokers (table 4), 59% 
had fathers who were current smokers, 
and 68% had at least one parent who 
was a current smoker. Thus, effects of 
sidestream cigarette smoke of the size 
observed in this study would represent 
a substantial public health burden. 



the association between impaired health, 
and passive smoke exposure was stronger 
with maternal than with paternal or 
total parental smoking. Children of ex- 
smokers had respiratory illness and 
symptom frequencies that were typical¬ 
ly between those of nonsmoking and 
currently smoking mothers. This was 
true for recent illness and symptom 
experience, as well as for early child¬ 
hood illnesses. These findings are con- 

^pothesis that exposure to .agaterte 


A history of either parent smoking was 
associated with a similar increase in the 
reported prevalence of early childhood 
respiratory illness. Each of these respi¬ 
ratory health indexes is linearly related 
to the current amount of cigarette 
smoking by either both parents or the 
mother alone. In all of these analyses. 


4mok^ increases the risk 
ponmeous respiratory illness. 

The stronger association with mater¬ 
nal rather than paternal smoking for 
these conditions is consistent with the 
independent findings of other investi¬ 
gators. Fergusson and coworkers (13) 
found respiratory illness in the first 
year of life to be highly associated with 
maternal smoking, and paternal smok¬ 
ing did not enter their model after con¬ 
trolling for maternal smoking. In their 
birth cohort of 1*265 children, the asso¬ 
ciation between maternal cigarette 
smoking and respiratory illness was 
equivocal in the second year of life and 
no longer apparent during the third 
year. Weiss and associates (11) found 
persistent wheeze to be directly related 
to the number of smokers in the house¬ 
hold among children 6 to 19 yr of age. 
Subsequent analyses of these data (36) 
confirmed that the association is strong¬ 
ly influenced by maternal smoking. 
Similar findings restricted to children 5 
to 11 yr of age have been reported by 
Schenker and associates (37). 

The somewhat stronger association 
of respiratory illness with maternal 
than with paternal smoking habits need 
not imply any special risk associated 
with maternal smoking. A more plausi¬ 
ble interpretation is that the risk factor 
is exposure to sidestream cigarette 
smoke, and that children are more like¬ 
ly to be with their mothers than with 
their fathers at the times smoking 
occurs. 

Although some investigators have 
not reported significant passive smok¬ 
ing relationships, their findings, given 
the size of the populations under inves¬ 
tigation and methods used to adjust 
symptoms or disease rates, are consis¬ 
tent with our results. The total number 
of children younger than 10 yr of age 
available to Schilling and colleagues 
(19) was so small that a 20 to 35% in¬ 
crease in relative risk could not be de¬ 
tected. In contrast. Dodge (10) found a 


significant passive smoking effect ti 
was reduced (as in our study) by adju 
ing for parental history of respiratc 
disease. The resulting coefficients, ; 
though relatively unchanged in mag: 
tude and direction, were no longer si 
nificant. However, in a small group 
sixth graders, who completed their ov 
questionnaire, the gradient aero 
smoking categories persisted and w. 
significant. 

Among the children participating : 
the Six-Cities Study, there was a stror 
association between reported parent- 
respiratory illness (emphysema, brot 
chitis, or asthma) and higher prev; 
lence of symptoms and illness (tables 
and 6). This may be explained in pa: 
by overreporting of the child’s respire 
tory illnesses by smoking parents wh 
themselves have respiratory problem: 
or equivalently by the underreportin, 
of nonsmoking parents. Such reportim 
bias cannot be separated in these an 
alyses from real differences in preva 
lence caused by familial aggregation a 
higher susceptibility within families 
However, all the illnesses and symp 
toms still show increased prevalena 
associated with parental smoking after 
adjusting for parental illness (table 61 
JhuLsuggests that passive environment 
is a cause & 

respiratory Ulnef£ 

/Changes in teyel of FEVi, although 
fdariyely smalt wot firiearly related to 
amount smoked tngure 1). For mater¬ 
nal smoking of 1 pack per day, FEV, is 
estimated to be lower by 0.6 to 0.8%, or 
10 to 20 ml for a child with FEV, be¬ 
tween 1.5 and 2.5 L. Tager and cowork¬ 
ers (17) found a comparable association 
when they used maximal midex piratory 
flow (MMEF), although initially they 
were unable to demonstrate the effect 
with FEV,. Subsequent studies of these 
same children demonstrated the passive 
smoking effect for both FEV, and 
MMEF (36). Similar effects were found 
in a study of 4,000 children in a rural 
area of western Pennsylvania (37). 
However, the TUcson group (38) was 
unable to demonstrate this effect after 
adjusting for the pulmonary function 
level of the parent. Because cigarette 
smoking is associated with level of pul¬ 
monary function, the adjustment for 
parental level of function may have 
resulted in overadjustment. 

Because the association between 
FEV, level and parental cigarette smok¬ 
ing had not been found in a previous 
analysis of a subset of these data (28), 

2023382316 
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a series of comparative analysts were 
performed in that subset and in the en- 
‘ tire data set providing the basis for this 
report. Those analyses established that 
the laclt^of iLssodation ln .Uie earlin 
%r^^on was atmbuSWe m apprac- 
£ equal measured theusebr 
i ntb^ than^ to maternal smok* 
Injg asthWocposure variable and to 
S$e of a normative mod^Tor | 

omai 


living 


The FEV, levels were not reduced in 
children of ex-smokers. However, in 
our study, we did not determine when 
these parents became ex-smokers and 
therefore cannot assess whether these 
ex-smokers were in fact ever smokers 
during the lifetime of their children. We 
have similar difficulty in trying to 
assess whether the effect noted is due to 
current exposure, cumulative exposure, 
or exposure at some earlier point in 
time: Because most parents’ smoking 
habits axe not likely to have changed 
significantly over the course of their 
children 1 * first II yr of life, all 3 effects, 
or any combination thereof, could be 
-operative. 

We note, as have others (Veda! S and 
associates. Risk factors for childhood 
respiratory disease: analysis of pulmon¬ 
ary function. Am Rev Respir Dis, sub¬ 
mitted for publication), that FVC was 
highest in children from households 
with parents who smoke. Some studies 
suggest that young adult smokers may 
have larger FEV* and FVC than do 
nonsmokers; however, the reason gen¬ 
erally offered is that young adults with 
a histoiy of respiratory illness are rela¬ 
tively disinclined to smoke. This would 
appear to be an unlikely explanation 
for the differences seen in young adults 
and would not explain a corresponding 
response to sidestream cigarette smoke. 

In assessing the strength of the evi¬ 
dence given above for an effect of side- 
stream cigarette smoke on respiratory 
health, it is important to remember that 
the various indexes are not indepen¬ 
dent. The correlations, or phi coeffi¬ 
cients (34), between pain of illnesses 
and symptoms reported here varied be¬ 
tween 0.14 and 0.37. Correlations were 
highest for illness before 2 yr of age 
and history of bronchitis, history of 
'bronchitis and bronchitis in the last 
. ytar, and wheeze and cough. Although 
these correlations are highly significant 
and indicate strong associations be¬ 
tween the various outcomes, they are 


not so large as to indicate that the dif¬ 
ferent outcomes are redundant. The 
FVC and FEV, values are also highly 
correlated in young children. Because 
of the relationships among these out¬ 
comes, the many associations examined, 
and the large sample sizes, we have not 
emphasized individual p values in inter¬ 
preting these data. JUther^we f havr 

ag fif that criterion. 



sigm 


exposure 


An estimated odds ratio for respiratory 
illness before 2 yr of age of 1.23 (p < 
0.01) previously reported from this 
study (28, 29) has been reduced to 1.12 
(p « 0.07) by the inclusion of addi¬ 
tional children enrolled in the study but 
not available for the first analysis. A 
scries of anaJyses comparing the 2 re¬ 
sults established that this resulted pri¬ 
marily from the absence of an associa¬ 
tion between stove type and illness 
before 2 yr of age in the new cohorts 
rather than from small differences in 
models or statistical methods. No other 
respiratory illness or symptom was 
found to be significantly associated 
with stove type. Although respiratory 
illness before 2 yr of age may be a sensi¬ 
tive index of the effects of gas combus¬ 
tion products, such an association from 
these data should be interpreted cau¬ 
tiously because the analysis links ex¬ 
posure at 6 yr of age or older with ill* 
ness before 2 yr of age. 

These analyses confirm the earlier 
finding of approximately 0.6% lower 
FVC and FEV l levels at the first 
examination among children exposed 
to gas stoves. We also found a differ¬ 
ence of 0J% at the second examina¬ 
tion. However, level of parental educa¬ 
tion is negatively associated with use of 
gas stoves and positively associated 
with pulmonary function level. Conse¬ 
quently, controlling for parental educa¬ 
tion reduces this association; This may 
represent confounding but may also 
represent overadjustment for a surro¬ 
gate for gas stove use. 

Controlling for city-cohort in these 
analyses substantially reduces, although 
it dots not eliminate, the potential for 
bias caused by ethnic diffe r en ces , 
examiner effects, equipment differ¬ 
ences, and many other factors that in¬ 
fluence indexes of respiratory health. 
However, the sensitivity of an analysis 
based on exposure categories, such as 
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parental cigarette smoking, is limited 
by the weak relationship between these 
categories and individual exposure to 
gases or paniculate matter. The docu¬ 
mented variation in particulate and ni¬ 
trogen dioxide concentrations among 
homes with equal numbers of smokers 
or the same type of stove (4-9) implies 
that the exposure variables used in 
these analyses are subject to substantial 
measurement errors. Although the ef¬ 
fects of these errors are not completely 
understood (39), they are likely to bias 
the estimated measures of association 
toward the null value. Thus, better 
understanding of the health signifi¬ 
cance of these indoor pollutants may 
require epidemiologic studies including 
refined measurement of personal expo¬ 
sure. 

Finally, the .medical significance of 
these findings related to passive smok¬ 
ing remains undetermined. The illness 
and symptom effects may be transient, 
and the effects on pulmonary function 



term follow-up and comparisons be¬ 
tween children from homes where 
others smoke will be required to resolve 
this potentially important public health 
question. 
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